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To all whom it may concern: 

Be it known that I, THomas A. EDISON, a 
citizen of the United States, residing at Llew- 
ellyn Park, in the county of Essex and State 
of New Jersey, have invented certain new and 
useful Improvements in Electric Meters, (Case 
No. 1,006,) of which the following is a specifi- 
cation. 

My invention relates to improvements in 
electricmeters; and my objects aretosimplify 
the construction of electric meters, toimprove 
their efficiency and accuracy, and to make 
them susceptible of being operated with a 
minimum expenditure of energy. 

. In carrying out my invention I employ a 
motor operating at a constant speed, a regis- 
ter by which a direct reading can be secured, 


mechanism connecting the motor and regis-. 


ter capable of converting the constant speed 
of the motor into a variable speed of the 
register-train from zero to maximum, and 
means controlled by the consumption of the 
energy for placing the intermediate mechan- 
ism in condition to permit the operation of 
the register at a rate proportional to the en- 
ergy consumed. Iam aware that meters of 
this general type have been before suggested, 
but such prior meters have for reasons which 
appear on their face been either impractica- 
ble or inoperative. 

I prefer to use as a device for operating the 
register-train an electric motor connected 
across the circuit to be metered and to se- 
cure constancy of speed of rotation of the 
motor-armature by the employment of a cen- 
trifugal governor possessing great accuracy. 
The mechanism intermediate the motor and 
register-train, having capacity to convert the 
constant speed of rotation into a variable 
speed, may be of any suitable ordinary me- 
chanical construction, of which many in- 
stances exist in the art. .A convenient form 


_of variable-speed connection which I will de- 


45 
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scribe comprises a driving-disk with which 
céoperates a driven roller engaging the work- 
ing face of the disk and movable diamet- 
rically toward and away from the geomet- 
rical center thereof. When the roller occu- 
pies a position coincident with the center, ob- 
viously rotation of the disk will not move the 
roller; but if the roller is moved diametrically 


toward the periphery of the disk its rate of 


i ey —_— 


rotation will be gradually increased. In or- 
der that when no current is influencing the 
meter wear will be prevented between the 
roller and disk, I provide the latter with a de- 
pression coincident with the center, into which 
the roller will be normally received. The 
means employed for changing the condition 
of the intermediate mechanism comprise an 
ampere-indicator of great delicacy and accu- 
racy. I employ a seale-beam mounted on a 
knife-edge bearing, carrying at one end an 
armature, core, cvil, or electromagnet céop- 
erating with a stationary companion element 
and subjected either directly to the current 
to be measured or to attraction due. to that 
current, the elements so carried by the scale- 
beam being exactly counterbalanced, whereby 
the beam will normally occupy a position of 
equilibrium, and a resisting device being em- 
ployed to resist the movement of the beam due 
tothe action of the current to be measured and 
of such a character that the proper propor- 
tionality of speed of the register-train to the 
energy consumed will be maintained through- 
out the necessary limits of registration. Pref- 
erably the scale-beam carries a relatively-light 
coil connected in the main line of the circuit to 


be metered, whereby the coil will be subjected 


to the current to be measured. A relatively- 
light counterbalancing- weight can thus be 
employed, thereby reducing the mass of the 
elemenis comprising the ampere-indicator. 
The coil may codperate with another coil, 
both being subjected to the current or to a 
part of the current to be measured; but it 
preferably coéperates with astationary armor- 
clad core of relatively-great mass. I prefer 
to use an ordinary convolute steel spring, con- 
nected at one-.end of the scale-beam to op- 
pose the stress due to the current to be meas- 
ured, as I find it possible in this way to se- 
cure an ampere-indicator wherein the ampli- 
tude of movement of the scale-beam is in con- 
stant ratio to the energy.. Finally, in order 
that the operation of the ampere-indicator 
may effect the change in the condition of the 
intermediate mechanism between the motor 
and register without excessive friction pro- 
vision is made whereby at rapidly-recurring 
intervals the ampere-indicator will-be prac- 
tically disconnected from both the motor and 
register, whereby during such periods its po- 
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sition may be changed to correspond with 
any variations in the consumption of the cur- 
rent. This result may be accomplished in a 
variety of ways—as, for example, by provid- 
ing the driving-disk with a cut-away portion 
coincident with a section of its area, whereby 
the driven roller will during a part of each 
rotation of the disk be maintained out of con- 
tact therewith. By thus producing a meter 
wherein a motor is employed rotating at a 
constant speed, with a variable-speed connec- 
tion between the motor and the register and 
wherein is used an ampere-indicator of great 
accuracy and delicacy, arranged to change the 
condition of the speed connection without 
friction, lam enabled to obtain a meter where- 
in certainty of registration is effected through- 
out its full capacity. 

In order that my invention may be better 
understood, attention is directed to the ac- 
companying drawings, forming a part of this 
specification, and in which— 

Figure 1 is an elevation of the working 
parts of the meter with the case removed; 
Fig. 2, a plan of the same; Fig. 3, a longi- 
tudinal section, on an enlarged scale, through 
the roller-shaft and sleeve; and Fig. 4, a dia- 
gram of the circuit connections. 

In all of the above views corresponding 


> parts are represented by the same numerals 


of reference. 

1 represents an electric motor of any suit- 
able type,the armature-shaft 2 of which drives 
an arm 38, at the ends of which are pivoted 
bell-cranks 4. The short arm of each bell- 
crank carries a brake-shoe 5, and the long 
arm carries a centrifugal weight 6. The brake- 
shoes 5 coéperate with and bear. against the 
under surface of a stationary friction-disk 7. 
The rotation of the shaft 2 causes the weights 
6 to be thrown outward by the centrifugal 
effect, whereby any tendency toward increase 
in speed will result in an increase in the pres- 
sure between the brake-shoes 5 and the sur- 
face 7, while any tendency to decrease in speed 
will result in a diminution of that pressure. 
By carrying the centrifugal weights 6 at the 
end of the relatively-long arms of the bell- 
cranks the centrifugal effect is made very 
sensitive, and a motor can be produced in this 
way which will operate with great accuracy. 
The armature-shaft 2 drives either directly 
or through an intermediate gearing, as shown, 
a shaft 8, on which is carried a disk 9. Co- 
operating with this disk is a roller 10, carried 
by a sleeve 11, which surrounds and is mov- 
able longitudinally with respect to a shaft 12. 
The shaft is provided with a pin 13, which 
works in a longitudinal slot formed in the 
sleeve, thus permitting the sleeve to move lon- 
gitudinally, but communicating its rotative 
movement to the shaft. The shaft drives a 
worm 14 of a register of any suitable type. 

15 represents a scale- beam mounted on 
knife-edge bearings 16, so as to be as friction- 
less as possible. This seale-beam carries at 
one end one of the elements of the ampere- 


indicator, preferably a light coil 17, codper- 
ating with a stationary core 18, having an ar- 
mored section or sheath 19. The coil 17 or 
other element carried by the seale-beam is ac- 
curately balanced by a weight 20, whereby the 
seale-beam will normally maintain a position 
of equilibrium. Whentheelement which the 
scale-beam carries is a coil, as is preferable, 
electrical connections thereto are made 
through strips 21 of thin metal foil or a series 
of such strips wound in the form of a light 
eable. The elasticity of strips of metal foil 
for this purpose is so slight as to. be negligi- 
ble. In order to resist the attraction of the 
coil 17 toward its core 18, I prefer to employ 
an ordinary convolute steel spring 22, fixed 
at one end and connected at the other to the 
scale-beam. I find that by using a spring of 
this character it is possible to permit an am- 
plitude of movement of the scale-beam un- 
der the effect of the current to be measured 
which will be absolutely proportional to that 
current throughout the entire capacity of the 
meter. 

Connection between the scale-beam and the 
mechanism intermediate the motor and reg- 
ister is made in any suitable way—as, for in- 
stance, by connecting the forked arm 23 on the 

scale-beam with the grooved collar 24 on the 


sleeve 11. In order that the ampere-indi- 
cator may respond accurately to variations 
in the consumption of the energy, provision 
should be made, as stated, to practically dis- 
connect it during frequently - recurring in- 
tervals from the other parts of the meter. In 
the specific instance shown the disk 9 is pro- 
vided with a cut-away portion 25, occupying 
a section of its area, the mounting of the 
roller 10 being so effected that the cut-away 
portion of the disk will not engaye said roller. 
The roller 10 is maintained in sufficient fric- 
tional engagement with the elevated portiun 
of the-disk 9, preferably by a weight 26, car- 
ried at one end of the shaft 12 and turning 
withit. The other end of the shaft is mount- 
ed in gimbals 27, whereby the shaft and 
sleeve will be permitted to partake of aslight 
vertical play, not sufficient, however, in its 
downward extent to engage the roller 10 with 
the cut-away section of thedisk 9. The disk 
| 9 is provided at its geometrical center with 
an opening or coneavity 28, in which the 
roller 10 normally rests out of contact with 
the surface of the disk, thus obviating wear 
and friction between the disk and roller 
when no current is influencing the coil 17. 
As shown in Fig. 4, the motor 1 is con- 
nected across the circuit to be measured, 
while the coil 17 is connected in line with the 
current to be metered, whereby the said coil 
will be subjected to that current. 
The operation will be readily understood. 
Normally—that is to say, when no current is 
influencing the coil 17—the roller 10 is coin- 
eident with the opening 28 in the disk 9 and 
that disk is being turned ata constant speed 


by the motor 1. As current affects the coil 
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17 the latter will be drawn downward against 
the tension of the spring 22 to an extent pro- 
portional to the influencing current. This 
movement of the scale-beam shifts the sleeve 


11 relatively to the shaft 12 and moves the: 


roller 10 toward the periphery of the disk 9. 
The parts are so proportioned that the ro- 
tative movement communicated to the roller 
10 by the elevated section of the disk 9 will 
operate the register at a speed proportional 
to the current influencing the coil. At each 
rotation the engaging contact between the 
roller 10 and disk 9 is released by the cut- 
away section 25, and at these points the am- 
pere-indicator is free to adjust itself without 
resistance to any changes in the load. 

Having now described my invention, what 
Iclaim as new, and desire to secure by Letters 
Patent, is as follows: 

1. In an electric meter, the combination 
witha register, of a motor, a centrifugal de- 
vice carried by the motor and arranged to 
produce a retardation to the rotative effect 
varying with the speed of rotation,a variable- 
speed connection between the motor and the 
register, and a device influenced by the cur- 
rent to be. measured for varying the speed of 
the intermediate mechanism, substantially as 
set forth. 

2. In an electric meter, the combination 
with a register, of an electric motor, a centrif- 
ugal device carried by the motor and arranged 


‘to produce a retardation to the rotative effect 


varying with the speed of rotation, a variable- 
speed connection between the motor and the 
register, and a device influenced by the cur- 
rent to be measured for varying the speed of 
the intermediate mechanism, substantially as 
set forth. : 

3. In an electric meter, the combination 


with a motor, of an arm carried by the motor-: 


shaft, a plurality of bell-crank levers sus- 
pended from said arm, brake-shoes carried by 
the short arms of said levers, centrifugal 
weights carried by the long arms thereof, a 
friction-surface with which said brake-shoes 
codperate, and a register operated by said 
motor, substantially as set forth. 

4, In an electric meter, the combination 
with an electric motor, of an arm carried by 
the motor-shaft, a plurality of bell-crank le- 
vers suspended from said. arm, brake-shoes 


. carried by the short arms of said levers, cen- 
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trifugal weights carried by the long arms 
thereof, a friction-surface with which. said 
brake-shoes codperate, and a register oper- 
ated by said motor, substantially as set forth. 

5. In an electric meter, the combination 


with a motor and a register, of an ampere-in-. 


dicator the position of which controls the 
speed of registration, said indicator compris- 
inga balanced scale- beam, an element moved 
by the current to be inetered, and a resisting 
device connected to said scale-beam for op- 
posing its entire movement under the effect 
of that element, substantially as set forth. 


6. In an electric meter, the combination 


t 


with a motor and a régister, of an ampere-in- 
dicator the position of which controls the 
speed of registration, said indicator compris- 
ing a balanced scale-beam, an element moved 
by the current to be metered, and a convo- 
lute spring connected to said scale-beam for 
opposing its movement under the effect of 
that element, substantially as set forth. 

7. In an electric meter, the combination 
with a motor and a register, of an ampere-in- 
dicator the position of which controls the 
speed of registration, said indicator compris- 
ing a seale-beam, a coil connected to. said 
scale-beam, means for balancing said coil, a 
Stationary element with which said coil co- 
operates, and a resisting device connected to 
the scale-beam for opposing the attraction of 
said coil, substantially as set forth. 

8. In an electric meter, the combination 
with a motorand a register, of an ampere-in- 
dicator the position of which controls the 


‘speed of registration, said indicator compris- 


ing a scale-beam, a coil connected to said 
scale-beam, means for balancing said coil, a 


stationary element with which said coil coép- 
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erates, and a convolute spring connected to - 


the scale-beam for opposing the attraction of 
said coil, substantially as set forth. 

9. In an electric meter, the combination 
with a motor and a register, of an ampere-in- 
dicator the position of which controls the 
speed of registration, said indicator compris- 
ing a scale-beam, a coil connected to said 
scale-beam, means for balancing said coil, a 
stationary core with which said coil cooper- 
ates, and a resisting device connected to the 
scale-beam for opposing the attraction of said 
coil, substantially as set forth. 

10. In an electric meter, the combination 
with a motor and a register, of an ampere-in- 
dicator the position of which controls the 
speed of registration, said indicator compris- 
ing a seale- beam, a coil connected to said 
scale-beam, means for balancing said coil, a 
stationary core with which said. coil codper- 
ates, a magnetic sheath for said core, and a 
resisting device connected to the scale-beam 


for opposing the attraction of said coil, sub-., 


stantially as set forth. 

11. In an electric meter, the combination 
with a motor and a register, of an ampere-in- 
dicator the position of which controls. the 
speed of registration, said indicator compris- 
ing a seale- beam, a "coil connected to said 
scale-beam, a device with which said coil co- 
operates, means for opposing the attraction 


of said coil, and a non-elastie metallic con- 


nection to said coil, substantially as set forth. 

12. In an electric meter, the combination 
with an electric-motor having a centrifugal 
friction-governor, a register and a variable- 
speed mechanism between the motor and reg- 
ister, of a balanced scale-beam the position 
of which i is altered by the current to be meas- 
ured, a resisting device for opposing the said 


‘movement, and - means for periodically con- 


necting and disconnecting the scale- beam 
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with the variable-speed mechanism, substan- 
tially as set forth. 

18. In an electric meter, the combination 
with a constant-speed motor, of a disk ro- 
tated by said motor and having a cut-away 
section, a roller codperating with said disk, a 
weight for engaging the roller frictionally 
with the uncut-away section of the disk, a 
register, an ampere -indicator, connections 
between the roller and register, and connec- 
tions between the roller and ampere-indica- 
tor, substantially as set forth. 

14. In an electric meter, the combination 
with a constant-speed motor, of a disk ro- 
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tated by said motor, a roller coéperating with 
said disk, a recess coincident with the geo- 
metrical center of the disk normally receiv- 
ing said roller, a register, an ampere-indica- 
tor, connections between the roller and reg- 
ister, and connections between the roller and 
ampere-indicator, substantially as set forth. 

This specification signed and witnessed this 
23d day of March, 1899. 


' THOMAS A. EDISON. 
Witnesses: 


J. F. RANDOLPH, 
- TFREDERICK P. OLT. 
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